this transition is essential. In their article, the authors describe a method using co-occurring k-mers between the query genome and the antimicrobial resistance gene database. This approach appeared to work more effectively than assembly/BLAST and readmapping approaches in their test data set, and we congratulate the authors on developing a useful and user-friendly tool. However, we wish to raise a few caveats and issues for consideration when using KmerResistance.
Secondly, the authors outline a default 'winner takes all' strategy where all k-mers mapping to the best hit are removed to avoid multiple hits against the database. However, there are occasions when multiple antimicrobial resistance genes of the same family may cooccur in the same isolate with different phenotypes. For example, the bla SHV-1 present in Klebsiella pneumoniae confers intrinsic resistance to amoxicillin, while retaining susceptibility to extended-spectrum cephalosporins such as ceftriaxone. The acquisition of another bla SHV that might differ from bla SHV-1 by as little as one amino acid substitution may be sufficient to confer additional resistance to ceftriaxone due to the ESBL properties of the second bla SHV . Similarly, bla TEM-2 is not an ESBL, but bla TEM-3 that differs by two amino acid substitutions shows enhanced activity against cefotaxime. Double copies of bla KPC have also been noted in several isolates. 2 Admittedly, gene homologues are also difficult to detect and resolve using standard readmapping or assembly-based approaches with short-read sequencing data, and more intensive manual methods, such as read coverage comparison with flanking sequence or manual inspection of assembly graphs, are often required.
Finally, there are additional advantages of assembly/BLAST methods over read-mapping and k-mer-mapping approaches. Like read mapping, k-mer matching is generally based on nucleotide sequences (with the exception of some amino acid space alignment or 6-mer tools, e.g. http://ab.inf.uni-tuebingen.de/soft ware/pauda/). However, gene alleles are frequently based on differing amino acid sequences. 3 It is therefore possible that a detected allele will differ from a database allele by several nucleotide substitutions, but encode a structurally identical protein. Although identifying the correct alleles may not be required clinically, they are important for epidemiological surveillance of antimicrobial resistance and infection control interventions. In addition to nucleotide sequence comparison, assembly/BLAST approaches also allow translated BLAST queries, and thus may be better suited to differentiating different gene alleles. Furthermore, as the authors allude, assembled sequences facilitate an understanding of the context of the resistance mechanism. Synteny is often important in conferring a particular resistance phenotype, and detection of antimicrobial resistance genes in isolation with mapping and kmer approaches may lack an understanding of the context of the genes, such as changes in gene expression due to mutations in promoter regions, or co-localization with other genes.
Ultimately, each method has its advantages and flaws, and for large-scale surveillance in public health using isolates that have undergone WGS, any of the described methods would seem to be reasonable if the issues are recognized and accounted for. The superior performance of KmerResistance for low-depth sequences coupled with species attribution suggests that it may be the optimal method for antimicrobial resistance detection directly from clinical and metagenomic samples, though we would suggest that optimal analysis of the resistome currently requires multiple approaches with manual cross-checking and examination. We envisage that the emergence of long-read sequencing will go a long way to solving many of the issues raised.
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None to declare. We would like to comment on the leading article published in JAC Advance Access on 24 June 2016, regarding the recently discovered transferable resistance to colistin and its observation that 'this new resistance had spread from the veterinary to the human domain'. 1 Most Escherichia coli and other bacteria (including Salmonella) containing plasmids with colistin resistance genes mcr-1 and mcr-2 have been isolated from terrestrial animals and/or food produced from them.
1,2
However, we would like to call your readership's attention to the fact that these genes and the various plasmids harbouring them have been circulating in animal and human populations for quite some time. In some cases, the original genetic events responsible for mobilization of the mcr genes may thus have happened relatively long ago and may quite plausibly have resulted from colistin use in agriculture and aquaculture. 1, 3, 4 This latter activity is growing exponentially, is associated with excessive antimicrobial use and provides multiple opportunities for generating linkage between the resistomes of aquatic bacteria and those of human pathogens. 3 Published information is consistent with the suggestion that aquaculture could be involved in the origin and selection of some of these mcr genes. First, Vibrio spp. and Photobacterium damselae, potential fish and human pathogens, are resistant to colistin. 5 Second, an ethanolamine phosphotransferase (EptA, PmrC), the type of enzyme encoded by mcr-1, was detected by functional genomics in Shewanella algae, an aquatic bacterium belonging to a genus that also contains opportunistic fish and human pathogens. 6 This cloned Shewanella gene encoded colistin resistance when expressed in E. coli and was highly similar in sequence to genes in the opportunistic fish and human pathogens Plesiomonas shigelloides and P. damselae subsp. piscicida. 6 Third, the deduced amino acid sequence of MCR-1 protein displays important similarity to the phosphoethanolamine transferase of Enhydrobacter aerosaccus, an aquatic bacterium. 7 Fourth, the MCR-2 protein has important sequence similarity to the phosphoethanolamine phosphotransferase protein of the aquatic bacteria Vibrio halioticoli and Psychrobacter spp.
2 Fifth, mcr-1 genes have been found in E. coli isolated from birds of the marine environment (herring gulls in Europe, kelp gulls in South America). 1 Sixth, water in aquacultural environments in developing countries is often contaminated with animal and human pathogens. 3 In addition, mcr-1 is widely distributed in Asia where colistin is extensively used in animal husbandry and where fish under integrated aquaculture are often fed animal manure containing antimicrobials, including colistin. 4, 8, 9 These findings suggest that the potential exists in the aquaculture environment for selection of colistin-resistant bacteria whose resistance is the result of an LPS modification encoded by a chromosomal ethanolamine transferase gene and the passing of this gene to terrestrial bacteria by horizontal gene transfer to yield colistin-resistant human pathogens. [7] [8] [9] This occurrence might also be aided by the presence of other antimicrobial genes in the mcr plasmids and the presence of these antimicrobials in the aquaculture environment. The mcr genes are not the first example of chromosomally located antimicrobial resistance genes in aquatic environmental bacteria to become located in plasmids and thus transmissible. A similar situation has been previously described with the plasmid-mediated quinolone resistance genes qnrA and qnrS.
3 Mobilization of mcr-1 genes between the chromosome of aquatic bacteria and plasmids could have been carried out by ISs flanking some mcr-1 genes, i.e. ISApl1, IS1294. 10 Because mcr-1 has been recently found to be located in multiple antimicrobial resistance IncFII plasmids that have the ability to be chromosomally integrated, 11 it could be also postulated that a plasmid of this type could integrate into the chromosome of a strain containing the mcr-1 gene, and then be excised as an IncFII-mcr replicon able to transfer mcr at high frequency. The negative potential of this series of events on human health can serve as a cautionary tale regarding excessive use of antimicrobials in aquaculture. As indicated above, such use could lead to multiple opportunities for linking the resistomes of aquatic bacteria and human pathogens.
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